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A   STUDY   OF  TH\^.   HlFTi'KCT   OF  MOK'^]T>T?ARV  EXTERTIAL  FIELDS   0^' 
THE  RETE^TTIVITY   OF  THE  PERI'^^TET^^T  MAGl^TS    OF 
RECORD I>TG  WATIlylETERS. 

The  otjec-t   of  tMs  investif^y  tion  was  tjo  fietprnilne  t,hp 
Inf luencp  of  mojnentajrv  external  mggnptic  fields ,   suoh  as  those 
produced  in  a  wattinetpr  tv  a  short -circuit   on  the  load  side,  up- 
on the  drag  ma^jnets  of  a  D.C.   recording  watT meter;    arvi  to  dis- 
cover,  if  possiLle,   some  position  of  the  field  coils  relative 
to  the  iiia^nets  in  which  the  effect  of  such   a  field  rnight  be 
considered  as  negligible. 

In  order  to  pursue  this  investigation,  three   fantore, 
in  the  liiain,  wer°  necessary.   These  were,(l)   a  D.C.   recording 
wattiaeter  using  permanent  magnets  as  its  retarding  device,  (2) 
a  momentary  magnetic  field  of  sufficient  intensity,    and  fa) 
some  means  of   adjusting  the  direction  of  this  field  to   any  de- 
sired  angle  relative       to  the  field   of  the  porm^nent  roapr^.e+s. 

The  met   r  used  was    ^  Snheef^r  recording  wattmeter,   no 
volts,   5  to  10  ajaperes  capacity,    and  was   selpcted  m.erply  berause 
of  its   availability  and  convenlpnt   s+ructure.   Thp  outer  chsp, 
back,    and  gear  train  werp  removed,   and  the  met^r   attached  to 
wooden  blocks  screwed  to  thp  back  of   a  me^er  supporting  board. 
The  non-inductive   resistance  coil  was  placed  upon  the  base  of 
the  meter  board,  using  the  same  connecting  v/ires  tha-^  werp  o- 
riglnaily  in  the  instruinent.  Plate  I  shov/s   a  photograph  of  the 
met^  r  when  i  ounted. 

When  the  meter  is  nopnai.ly  opera+ ed .  the  momentary  field 
would  bP  produced  by  a  short    cl-c-ait   or  the   load   side,   as  before 


stated.   To  have  used  this  niethoo*   in  the  pres^^nt   inst anne,  how- 
ever, would  have  leen  undesirable,    as  the   sudde     rus>^  of  cur- 
rent throiigh  the  series  ori]   woulH   h^ve  oaus«»H   fluctuations  ir. 
the  voltage   end   at  least  temporarily  h^ve  changed  the   resistance 
of  the   coil.   Still   anothev  otjection  was  tha+  the   series  r!..ils 
were  fimly  attached  to  th^  meter,  inakinK  it  ii.possi"ble  to  ful- 
fill condition  (5)   as  stated  above.  Accordingly,   an  extra  set  of 
series  fieli    coils,    siiailar  in   all    respects  to   those    attached  to 
the  instrument,  was  inounted  on   a  rectangular  brass  bar,   and  this 
ser  ured  to   a  brasj  shaTt  by  means  of   a  set   screv/  at   a  distance 
above  the  disc  equal   to  that    of  the  I'let  er  coiJs  be]ov/  it.   (See 
Plate   I),  This   shaft  was  pointed  on  the   lower  end   ;-md  set  ver- 
tically into  the  upper  beiaring  of  the  main  meter  shaft..  The  up- 
per end  of  the   auxiliary  shaft   carried   a  hori7.ontal  pointer  which 
swept   over  a  seriicircular  scale,  graduatpd  fron  0'  +'0  1^0   , 
The  terminals  of  the  coils  v/ere  free  to  hiove ,  penltting  the 
ceils  to  be  placed  in  any  desi:'"'='d  position,  \'/herp  they  could 
be  firiily  secured  by  a  cord.   The  moment ar}"  field  was   secured 
by  short-circuiting,  the   auxiliary  coils  through  a  piece  of  fSO 
auipere  fuse  wire,   firftly  connected  to  terminals  three  inches 
apart.   ThJ.s  fuse   reqiiired   at  tiroes   an  instantaneous  current  of 
over  1200  diiperes  to  vaporize  it,   as  v/as  shov/n  on  one  occasion 
by  the   openir%,  of  the  mai/.  circuit  breakers,   set   at  1800  amp- 
eres, v,fhen  the  total    load  v/as  but   600   amperes. 

The   experii'ien^  al  investigatirn  was  begim  with  thp   ap- 
paratus connected   as   shown  in  the  wiring  diagram,  Plqt'^  IT.   "'he 
current   through  the   series  coll   was  neasur(=r»  l^r  ,  p,^ns  of  r 


Wf^ston   aii.eter,(  O-lF' ^ ,  rimiT/Pr  40RP,   thft  t  Oar?  V^plnp  cont  roll  pd 
by  a  lajiip  rack  and  narbon  plate  rheostat.  A  Wpsto^n  voitriPtpr, 
f  0-150 ) ,   nuriiber  4405,  \7as  uspI  to  measurp  thp  drop  over  the   ar- 
jiiat-ure ,  "brushed,  i .or- Inductive  resistanoe   and  ccj.pensating  coils 
in  series.  A  field  rheostat  in  series  >/ith  the  pressure  circuit 
offered  a  convenient  and   effectivp  method  of   adoustinp;  the  press- 
ure to   ally  desired  value,  in  nost.   cases  107  volts.   The  laeter  was 
opera-' ed  oj    a  125  volt   storage  nat*ery  circuit,   v/iiile  the  aux- 
iliary series  field  coils  v/ere   connectpd  thr'njf;h  an  asbestos 
lined  fuse  box  direct  to  thp  ] 10  volt  D.C.  generator  leads. 

The  initial,  readings,   secured  on  Oct.   ?.f,  were   obtained 
with  magnets  8  and  2  in  their  plan ps  or.  thp  np+er.  -iP  being  to 
the  left   and  #2  to  the   ris:ht,   as  shovm  in  Plate   IT'.    It  was  re- 
corded that  opposite  poles   of  the  fiagnets  were  upperiost,  but 
unf(irtunately  not  which  was  of  north  polarity.    It  i-ay  be   as- 
suiued  in  the  ]ight  of  subseq.uent  results,  however,  th'^t  their 
polarities  were   as  indie  a-«ed  on  Plate   III.   The  first   fuse  blovm 

was  when  the  coils  were   in  the  position  arbitrarily  designated 

o 
as  0    ,  the  flux  tending  to  pass  thr;;ugh  the  magnets  in  the  di- 
rection indicated  in  Plate   IV.  An  increase  in  speed  of  about 
519g  was  noted.   The  second  fuse  blown  was  with  the  c  :iis  in  the 
90     position, (see  Plate   IV),  the  result  being  an   apparent  de- 
crease of  5*  In  thp  speed. Hucceeding  b^ov/s  with  the  coils  in 
thA  0     position,  producpd  only  slight   effect.   The  result  of  the 
first  fuse  blov/n  at  180°  was   an   enottrious  increase  in  speed, 
492f,.   Thp   effect  of  subsequent  blows  may  bp  notpd  by  reference 
to  the  data  and  thp  curves  plotted  therefroj  i. 


Considerable^  tr:uble  was  experienced   ai^  er  several   suah 
Llcv/s,   thp   speed   of  the  me^c  i'  vair'-ln^;   ovei'   a  v/ide  i'an{',e.   This 
is   illustrate;!  Lest  Ly  thp   series  of  readin^^'S  taker:  on  TTov, 
5,  6,   aiid  10,  in  each  of  which  th^   spe  d  gradually  decreased 
fro'     the  Start.   The  serips  oi.  ^^ov,   6,   especially,  v^as  taken 
with  extreme  care,  the  n.excV  bein^,  thoroughly  protected  fron 
all  drafts   and  jars,  and  a  note  made  of  any  disturbing  influ- 
ence which  it   provpd  ii possible  to   a-^^oid.   The  variation  in 
speed  continued,   however,  in  spite  of  an  precautions,  which 
would   indicate  that  the  drag  inagne+s,   rendered  very  weak  bv 
the   repeated  violent  nagnetic  blows  to  which  th-^y  had  been 
previously  subjected,  werp  gradually  regaining  thel>'  strength 
to    a  slight    extent.  The  fact  that  the  drag  magnets  v/ere  ex- 
treip.ely  weaJc  was  proved  conclusively  by  the  readings  secured 
on  Nov.   11,  in  which  a  37. b^  increase  in  power  caused  an  in- 
crease in  the    speed  of  111.0^,   showing  the  magnets  to  be  too 
weak  to  be  of  any  use  in  their  original  capacity,  viz.,  that 
of  rendering  the   speed  of  the  ..eter  directly  proportional  to 
the  po\/er. 

Beginning  Nov.   14,  the  neter  was  operated  somewhat   dif- 
ferently,  the  pressure   circuit  being  cfTnnected   across  the  125 
volt   storage  battery  and  the  se-ies  circuit  being  connected 
anross  two  storage  cells  in  series,   '^his  reduced  the   actual 
a/iount   of  power  consuiued,    although  manifestly  the  reading  of 
the  meter  would  be  the  same  for  similar  currents  and  pressures 
in  either  case. 

It  was  (iuite   evident  fron  readings  taken  on   and  pre- 
vious to  >'ov.    17  that  the   repeat  ed  i.agnetic  blows  in  the   0^ 


position  ha'l  prtictically  "brought  the  iia^^fits  to   a  nonrtltion 
of  ey.unibriuju,  where  such  "blows  caused  only  sriall  chaJifies  in 
speed.  Accordingly,   on  '  ov.   18,  the  directiori  rf  th^  ii,4gnetio 
blov/s  was  aov;:inced  through  an.  angl '^  of  9o"   each  time,  the  suc- 
cession being  0    ,  90*^,   ISo" ,   <^70^,   O°,eto.   The   effect   of  this, 

as  nay  be  easily  seen  f  roi  ■  the  curUes,  was  to  have  each  blow 

0  o 

at  180     increase  the   speed,  v/hil  e  each  blow  at  0     caused  a  de- 
crease,   Rlov/s   at  90     and  270    ,  in  which  the    axial  pi  nne  of  the 
iiioiiientary  fie]d  was   at  ri^ht    angles  to  the    axial  plane  of  the 
field  fro     the  permanent  nagnets,   caused   only  slight   changes 
in  speed.  A  like  series  of  readings  on  t^'^ov,   39  gave  si'lT  ar 
results,   and  justif;"'  the    conclusion  that  the  magnets  were   alter- 
nately magnetised  and  demagnetlZjed  by  th^  blows,   according  to 
th«^  direction  of  the  momentary  fields. 

In  the  next   three    series  of  readings,  taken  fTov.   20, 

25,   and  24,  repeated  magnetic  blows  were  given  v/ith  the  coils 

o  o 

in  the  0      and  90     positions.    It  v/as  found  in  these  ca-^es   as 

formerly,  that  the  effects  of  such  blows  were  always  verv 
slight,    and  not  constant   in  direction,   showing  that  the  mag- 
nets had  practically  reached  a  condition  of  eciuillbrium.  Ac- 
cordingly,  iiagnets  ^  and  JiQ  were  removed,  4e  and  S-]   being 
substituted  for  them,  their  position  and  polarity  being  as 
show-,  in  Pl-itp  III. 

An  examination  of  the  resultant  polarity  of  nagnets 
M  and  41^,   as  illustrated  by  shadowgraphs  #1   and  4^,   showed 
that  the  lower  pol*:^  tips  only  v/ere  magnetized  to   any  ex'' ent , 
the  ui)per  tips  scarcely  having  sufficient   strength  to  support 
a  sii:all  npedle,  the  other  pole  ),elng  now  loated  in  the  upper 
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bend  of  the  magnet.  This  su^^^esf  ed  the  rleslr ability  of  sectjr- 
in^.   soi'e  ciethod  of  (leasuring  the  strength  of  each  pole  separ- 
ately "before  and.  after  each  blow.   It  was   at   first    a''teiapted 
to  fio  this  by  construeting  on  armature  the  exact   si7.e  of  the 
pole  tip,    and  hanging  frofi  the  center  of  this   a  ver^'  light  bas- 
ket.  The   armature  was  held         by  the  magnetic    attraction  to  the 
pole  tip,   and   small   sh^it  were  fhen  poured   carefully  into  the 
baske"*    until    sufficient' weight   had  been  ar^Aed  f'  c?iuse  the  arm- 
ature to  pull   av/ay  from  the  pole.  This  method  vra.s  found,  hov/- 
ever,   to  give  very  inaccurate   and  wideJy  varying  results,   as 
well   as  being  extremely  tedious,   so  it  was  finally  abandoned. 

The  final   method  adopted  was  to  take   a  shadowgraph  of 
the  field   of  each  magnet  both     l;efore   and   aft-er  every  magnetic 
blow,    and  this  proved  the  i:iost    satisfactory  scheme  of  fmy. 
The   shadowgraphs  were  obtained  photographically,   the  magnets 
being  removed  f rOi  i  the  meter   af^  er   each  blovvr  and  laid  hori- 
zontally upon   a  table.  A  dry  plate  was  then  laid  upon  the  m-^- 
net  with  its  sensitive   side  uppermost,   cind  iron  filings  scat- 
tered evenly  upon  it.  After  tapping  the  plate  g<=nt.ly  to  cause 
the  filings  to    arrange  themselves  in  the   direction,  o-*^  the  fl<=ld, 
an  incandescent  lamp  v/as  held    a  few  fee+    above  the  plate   and 
sv/itched  on  for   a  couple  cf  seconds.   The  whit  r-  outlines  of  the 
magnets   seen  on  the  prints  Included  were  traced  in  later  for 
convenience  in  reference. 

The   remainder  of  the  data  obtained  should  be  self  ex- 
planatory by  referring  to  the  tabulated  data,   curves,   and 
shadowgraphs,    as   the   results  follow  the  sane  general  trend   as 
those  previously  obtained.   The  blov/s   at  90*^  and  270°  were 


omitted  in  moat  cases,  hov/evev,   cis  it  had  teen   shown  q.uite  con- 
clusively that  the  effect  of   h  V/lov/  in  either  of  these  posi- 
tions was   comparitively  sm,?ll   arid  of  liti]e  signific-^noe, 
Twc  other  p;iirs  of  ;:aKn'^ts,   ir   «?driition  tr  thrs^  prevlo-usly 
mentioned,  were  used,  those  dpsign^.ted  "by  the  nunT-p>rs  ^  and  7 
having  like  poles  of  south  pol.-^rity  upper/ lost,  while  X  and   z 
had  ion]  ike  pol^s  uppenost.   Th     lrJ.tiaI  condition  of  either 
of  thesp  pairs  may  he  seer    In  outline  "by  referring  to  Plate 
III,   or  in  greater  detail  from  the  shadov/graphs  of  their  fields. 
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Discussion  of  Results, 
In  the   series  of  readin^.s  taken  v/ith  jiagnets    '^  anrl 

/«^,  the  first  point   clearly  proven  Is  that  the  first    effect  of 

o  o 

a  magnetic  "blow  In  either  the  IPQ     or  0     position  is  to  nause 

an  increase  In  the  speed,   Inrtlcatlns;   a  dena^netl^iatlon  of  the 
drag  magnets.   The   effect    seened  to  "be  larger  In  the  1°0  than 
In  the  o"  position.   On  account   of  unfortunately  omitting  to 
note  the  polarity  of  the  magnets,    any  explanation  of  this  in- 
eq.uallty  of  effect  "becomes  merely  conjecture,   although  thp   read- 
ings ottained  sutsetiuently  with  other  ifagnets  v/ould  indie  ate, - 
reasoning  by   analogy,-  thai,  the  -nolarity  was   as  sh'-^/n  in  Plate 
III.   The  second  point   shOMOi  clearly  is  that   the  effect  of  a 
blow  at  90^  or  270    ,  in  which  the   axial  p]  ane   of  the  momentary 
field  is   at    right    angles  to  the   axial  plane  of  the  drag  mt^gnnt'  s 
field,  produces,  in  general,   only  a  relatively  slight  effect 
on  the   speed,  this  effect  varying  so  widely  m  ji^agnitude  and 
direction  that  there   are  grounds  for  supposing  it  to  be  due 
in  part   to  the  mechanical    shock  sustained  bv  th*^  meter  during 
the  blov/ing  of  the  fuse.   Third,   it  is   sho\m  that  when  the 
drag  magnets  have  been  subjec+ed  to  repeated  blov/s  until 
very  much  weakened,   a  condition  is  finally  reached  in  whinh 
blows  in  the  180^'   and  0^  positions  v/li  1   alternately  m.agnetize 
and  demagnetize  the  Jiagnets,    It  should  be  noted  th-^t  the   aver- 
age demagnetizatlo;.  is  slightly  larger  than  the    average  magne- 
tization,   so  that   the   resultant   effect  of   a  cycle   of  magnetic 
blov/s  is   a  reduction  in  the   strength  of  the  magnets. 

In  the  series  of  readlr^,3  taken  with  magnets  4hi    and 
■<te,   in  which  like  poles   are  upper;  .os+ ,  the  first  blf)ws  in  what- 
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evor  position  Causetl  un  iiicreaso  in  the  speed.   The   effect    at 
0     was  Ki'PHter  thaji   at  IBO    ,  \ut  the  dlsni'epanny  "between 

the  tv/o  values  v/as  not  nearly   h;?  Hr«='at    as   !>'  th(=  p^^p-'rLour,   case. 
As  hefrre,  the  effeet    of  the  "tjinvvs  stp^dlly  decreased  in   a- 
mount ,   showing  that  the  magnets  were  frrflrtii^lly  qpprosoMng 
the  point  of  seejaing  equilil-riiuo  fornerTy   or-mi  ented  upon,  A 
peculiarity  illustrated  "by  the  shadownraphs  nioiiibers   3  and  4, 
T  aJcen  at  the  c]ose  of  this  series,   ought  perhaps  to  be  Men- 
tioned,  That   is,  that  v/hile   in  nagnet  -H^  the  poles    are  lo- 
cated in  the   lower  tip  and  the  upper  "bend,   in  inagne"^    ^1  they 
are  located  in  the  upi-er  tip  aond  the  upper  bend. 

The   series  of  readings  ohT  ;alned  with  mg^^nets  ^'tfs   and  -#7 
also  had  like  magnet   poles  uppermost,    and  the  results  obtain- 
ed do  r^t  differ  naterially  fron  those  of  the  preceding  series. 
It  is  true  that  the  blov/-  in  the  18o"  posit ior   caused    a  con- 
siderably 1  arger  increase  in  speed  than  that   ±n  the  o'^  posi- 
tion, but  this  /niKht   easily  be  e3C|:;lained  by  a  difference  In 
strength  of  the  /lagnets.   Here,    as  mentioned  in  discussing  the 
previous  series,   th<=  sai'ie  peculiar  distribution  of  the  poles 
is  noticed.   This  seems  o^.ly  to  o^cur  when  the  iHagnets  have 
lixe  poles  upperios"'    at   the  staH.,  but   an  adequate   explanation 
is  hard   to  find.   The  difficulty  is  increased  by  the  fact  that 
in  the  final   series  of  readings-  that  using  magnets  X  and  Z- 
there  occurs   an  inst  ance  in  which  the  dis-^ribution  of  poles 
before  the  magnetic  blov/  v/as  identical   v/ith  the  distribution 
in  the  present   series,  b\it   in  which  the  locgtion  of  the  poles 
after  blowing  the  fu^e  v/as  different   from  in  the  present   in- 
stance.  The   only  hvpothesis  \7hich   s^e^ns    ^^easonnble  Is  that  the 
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strength  of  the  various  poles  differed.  v/ideTy,   even  though  the 
polarity  v/a-s  th<=  saiiT^,   an  explgji-dtior.  whlnh  th<=  da+ a  seour'^d 
ill  this   investigation  offers  no  I'leans  of  proving   or  disprov- 
ing. 

Tn  the  Inst   series,  taken  \/lth  nrigne-t  s  X  ard   Z,  there 
were   unlike  poles  uppermost,   as   shov/n  t)y  Pi^te    TTI,   or  sh'^dow- 
graphs  1^  and  16.   Blows  v/ere  fir'st  given  repeatedly  i>->   the   0 
position,     until  the  effeo-^    of  sunh  'beoajne  ver^^  slight, 

0 

One  fuse  \/as  then  blown  ^-rlth  thf^  ooii.s  in  th-^  90     position, 
the   result   oorrotc rating  the  statenent  previously  jiiade  that 
the  effect  of  a  Llo\/  in  this  position  v/as  conx^aratively  negli±- 
iiiLle,   The  blows  were  tiien  aJ.^ernated  bet\/een  the   o'^   ;and  180*^ 
positions  unti?   the  condition  of  eq.uiTibriujii  was  reached.   The 
effect  of  the  firs-*   blov/  Ir.  the  180     position  v/as   again  consid- 
erably larger  than,  tha*-    of  the  flrs^  blo\^  at    o'\   One  interest- 
ing, feature  of  this  run  is     brought  nut  by  the   shadowgraphs, 
in  which  at  times  th^re    are  firrex^  or  four  poles  cTegriy  shovm 
to  exist    in  each  nagnet.   T?or  exai^tple,   in  sha<iovgraph.i  25   ai-.d 
26  three  poikes  may  be  readily  perceived,  v/Mle  in  numbers  29, 
50,    and  54,  four  poles  may  be  seen,  Vuiaber  29  sho^.'S  this  Most 
clearly.   It  should  be  noted,  hov/ever,   that  two  of  these  poles 
are  extreiiely  weak,  while  the  other  two   are  comparitively 
strong.   The  laost  plausible  explanation  of  this  phenoiienon  seens 
to  be  that    the  greater  portion  of  the  strong  flux  f  ro;  i  tiie 
i.'iomentary  field  traverses  the  upper  poi-tion  of  the  i.h^-,net  3, 
the  eddy  currents  in  the  disc  tending;  to  oppose  its  passage 
through  the   lower  portions.  Accordingly,    thp  UDper   ari'i  of  each 
inagnet  usually  develops  tv^o  poles  under  the   action  of  the  v.o- 
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rnentary  field,  whi]  e  the  lower   3rin,  "rein^  acted  upon  less 
si  rongly,  tends  to  retain  its  former  polarity,   althoup;h  In   a 
mucxT  we  alter  state.   The   effeG+    iS  therefore  imich  the   same 
as  if  the  dra^  i.irignet  were  suVydivided  into  two  other  mag- 
n<=ts,   one  of  which  is  very  weaK.    It  should  te  pointed  ou*, 
however,  that  \mder  normal   operating  conditions  the   strong 
jioinentary  field  v/iil  originate  "beneath  the  drag  nagnets  in- 
stead of  above  theia,   and  the  curvature   of  the  laagnets  will 
not   conform  so  closely  to  the  CTirvature  of  the  iioinentary 
fields,   so  that  the  effect  iiilght  be  slightly  different.   It 
is  not  probable,  though,  that  the  difference  would  be  sig- 
nificant. 

The   size   of  the  fuses  "blown  in  tihis  investigation 
vas purposely  larger  than  those  which  would  be  used  in  con- 
nection with  th^  rae^er  under  ordinary  operating  conditions; 
this  was  done  to   secure    an  absolutely  i;infAist akeable  effect. 
It   is  cLUite  possible,   and  iiideed  more  than  probable,   that 
by  U3i%,   a  fuse  in  prtbportion  with  the  capacity  of  the  me- 
ter,  it   would  have  rey.uired  the  blowing  of  several   fuses  t» 
have  produced  the   sa/ne  effect  which  was   secured  by  a  single  one 
of  the  larger  fuses,  but  there  is  no  reason  for  believing  that 
the  direction  of  the  effect  woiUd  have  "been  changed   as  well 
as  the  iiiagnltude.  The  conclusions  dr*m  from  the  results 
are  therefore  marie  general  in  their  s^  <^t  enent ,  without   re- 
gard tc   the  size  of  the  fuse. 
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-    COT^TCLURIOFR.    - 

I,       The  first   effect  of  a  powerful  moment ary  field  Is  to 

cause   a  demagnetization  of  the  drag  /na^cnets,   irrespect- 
ive of  the  direction  uetv/een  the   axial   p]  ane   of  such  h 
field   and  tha     of  the  perraane-?t  magnets, 

IT.  The  demagnetizing  effect  of  a  j;i0i.em  ary  fl«=ld  is  lea^t 
when  Its  axial  plane  is  at  right  ;^ng?  es  vflth  the  axial 
plane  of  the  field  of  the  pernanent  magnets, 

ITT,  The  demagnetizing  effect  of  a  monentary  field  is  prpat- 
est  when  its  axial  plane  coincides  with  the  axigl  plane 
of  the  field  of  the  permanent  magnets,  the  fluxes  being 
opposed  ir  direction. 

IV,  The  effect  of  a  momentary  field  riay  he  to  change   either 
thp  number,   location,   intensity,  or  polarity  of   any  or 
all  the  poles  of  the  drag  magnets,   or  any  combination 
of  these. 

V,  Af- er  the  magnets  have  been  subjected  to  repeated  mag- 
netic blows  they  tend  to   arrive   at    a  condition  of  eqiili- 
ibrluin,  where  further  blows  in  any  direction  wIti  cause 
a  variation  over  only  a  cert,  al'i  United  range. 
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VI,  The    average  effect,  of  a  cynle  of  mayjnetlc,  "h?  mys  Is    a  re- 
duction  in  the   strer^^th  of  th*^  naf^netsj  whl-^h  reduction 
may  te  larger  or  si^^gTler  aocordinp  to  the  proxlnity  of 
the  st;iite  of  etiuilicrluiri  aT^ove  i  entlonert, 

VII,  There  is  no  position  of  th'=  field  coils  re;?  stive  to 
the  drag  /nat,nets  which  will  of  itself  f0)solutely  pro- 
tecx   the  la-'ter  from  the   influence  of  momentary  fields 
produced  by  short   civcuits.   The   right   angle   relation 
between  the   axial  planes  of  the  fields  is  the  iiost  ef- 
fective ii:  this   respect. 

VITI.Assujaing  the   right    angle   relation  betwe'^n  the  "^ieids, 
it  is  preferable  to  have  unlike  poles  of  the  dra^  nag- 
nets  uppermos^  ,   as  this   reduces  leakage  between  the 
magnets,    and  increases  the  effective  flu^  passing 
through  the  disc. 
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KXPLAT^^ATIO^^   0"P'   DATA.   A^^   CtTRVKS. 

The  data  is  t.  abulate^i    an  exi)eri"ipr.t3Tly  oVtained, 
each  readinj;  showing  the  time  taken  under  the  given  conditions 
of  current    and  pressure  fo^   ^  certain  nuffner  of  revo''utions 
of  the  cie^c  r  disc,  usually  100,  vrnen  the  neter  seei:'.  d  to 
be   running,  steadily,   as  indica+ed  ty  a  olosp   af;reenent  1  o- 
tween  several    successive  readings,  thp   average   of  th^se   read- 
ings Was  taken  and  used   in  sul:seq.uent  coiiputations.    In  some 
cases  the   speed  of  the  j.e"*  er  reiiuire'i   consideratlft  ti.  le  to 
tecome    approxii  ately  constant:   in  i^fmy  of  thes?    ins*  qnoes 
only   such  of  the   readings    as  we"^    deemed   signifinr^nt  ^^/er«> 
used   in  ott fining  thp   average,   and   are  indicated  on  the  dg- 
ta  sheets  by  bracketing.   The  p  ff eot  of  b7  owinp;  the   fuse, 
which  in  each  case  is  of  50   amperes  capacity,  is  preceded 
by  a  plus  f+)  or  minus  (-)  sign,  indicating  aii  increase  or 
a  decrease  in  the  speed,   respectively. 

The   shadowgraphs  for  both     nagne-^  s   are  j.ounte:!  upon 
the   sa'^ie   sheet   in  every  case,  that    of  the  iriagnei    v/hich  v/as 
located  on  the  right  hand  of  the  laet^r,   (See  Plate   Til), 
being  in  all  instances  placed  uppennost,    and  vice  versa. 

The  curves  plotted  fro".  point  to  point   shov/  tiie  in- 
dividual   readings  takpn  for  each  day's  run,  the  tinip  in  min- 
utes  and   seconds  for  lOO  revolutions  of  thP  disc  "being  the 
ordinates,  vmer'=  the  data  records  thp  tirip  for   any  other 
number  of  revolutions,  the  results   are  reduced  to  the  form- 
er basis  before  plotting.   The  instant   of  blowing  each  fuse 
is   shown  by  a  shoi-t  vertical  line  start.ing  froi.;  the  hori- 
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Kontal    qyls  -  the  positic-  o^  the  "bTov/  'belriH  Fivpn  J^'st  >.<=■- 
low,   Thp   straijiht    3  iiip  curve   Is  plotted  v/lth   orril'-.^tes   sh(w- 
Inp,  the    avei'a^'p   speed   of  the   meter  disc  In   revcliitions  per 
second,  the  reartinj';s   spsnnert  \,y  the  horizoir  al  portioiis  of 
the  curve  being  the  ones  used   in  computing,  the    averas-es. 
Both  cui-ves  are  interrupted   at  poinds  where  for   any  reason 
the   meter  stopped,  running,   as  for  example  when  q  pause  wns 
i.iade  to  take   shadowgraphs  of  the  Magnets',  fields. 
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44 


When  meter  is   st  ntionary, 
P.D,   over  /.let  er 
P.D.   over  Go/H.-iitator  lead 
P.D,   over  resist  f^nce   coil 
P.D,   over  oor/ipensating  coil 
P.D,    over   ar( iature 
Current   in  pressiJre  circuit 

Therefore  ,   approxii:  a-  el  y. 


65 


P.eslst.-^nce  of  resistance  coll  =-05 
Resistance  of  compensating;  coil 


:     107  volts. 

:         0  volts. 

:      65  volts. 

=      12  vrlts. 

:       30  volts. 

:    ,0A  arroeres, 

■1625  oHms. 

■  300  ohj-.iS. 


Distance  te^we  n  upper  poles  of  magnets  v/hen  in  place  on 
the  i.ieter     =   3/4  inch. 


Gap  I) e  ween  poles  or  jiiagnet 
X     =   3.0  nil  1  lira et^rs. 
Z     =2.3  rniTli/aetPrs. 
5     =3.0  millimeters, 
7     -   2,9  nil  lime+ers. 


6  =    3.0  rrdllinet'^rs. 

1  »   3.0  nillime-^ers. 
8  =3.0  /'liTlime^ers. 

2  =3.0  ni]lime-ters. 


Lerigth  of  fuse  wire  "be-^ween  contacts  =   3.0  inches. 
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